Both pentane and isoprene are excreted in human breath. Although pentane is considered an index of lipid peroxidation, the significance of isoprene is unknown. Having a similar boiling point, these two hydrocarbons are difficult to separate by gas chromatography.
spectively. There was a significant linear correlation (r = 0.57, P <0. 0001) between age and pentarie concentration in expired air; isoprene showed no correlation with age or pentane concentrations. The age-related increase in pentane production suggests that oxidative stress may play a role in the aging process in humans. The method described should allow for rapid, inexpensive, serial measurement of expired pentane and isoprene.
Indexing Terms: lipid peroxidation/hydrocarbons/free radicals/respiratolygases
The formation of free radicals and lipid peroxidation has been implicated in many conditions that lead to cell injury. The measurement of breath alkanes, especially ethane and pentane, has been used as a noninvasive index of lipid peroxidation.
Although both gases have been measured by gas chromatography (GC) in the breath of experimental animals, studies in humans are usually limited to the measurement of pentane (1, 2). For measurement of breath pentane to be widely accepted as a diagnostic indicator of cell injury, one must recognize some of the limitations of the methodolor used to perform the assay. Several studies have identified isoprene as the major hydrocarbon of human breath (1, [3] [4] [5] [6] , and two reports describe the coelution of pentane and isoprene on most GC columns (1, 6). However, isoprene was separated from pentane on a porous-layer open-tubular column (Poraplot U) (1, 6). 
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Gas Chromatography
To analyze the hydrocarbons in expired air, we used a gas chromatograph Deerfield, IL). An aliquot of the C2-C6 gas (1.0-10.0 mL) was drawn into a gas-tight syringe (Hamilton Co., Reno, NV) and injected into a Teflon bag that had been flushed with hydrocarbon-free air. Using either a 500-or 1500-mL gas-tight syringe (Hamilton), we injected various amounts of hydrocarbon-free air into the bag to achieve the desired dilution. To mix the commercial gas and air in the bag, we repetitively withdrew the entire contents of the bag into a 1500-mL syringe and then refilled the bag. The diluted calibrator gas mixtures were injected into the gas chromatograph in the same manner as the breath samples. Calibration curves were plotted for four pentane concentrations: 0 nIIL, 20 nlIL (0.82 nmol/L), 50 nL/L (2.04 nmolJL), and 100 nL/L (4.09 nmolIL). The CVs (n = 5) for the latter three calibrators were 6.5%, 4.1%, and 5.8%, respectively.
The calibration slope for the Poraplot Q column was 0.62 ± 0.005 (n = 5); for the Poraplot U column, it was 0.59 ± 0.05 (n = 4). For all calibration curve8, r >0.95. To determine the retention times of isoprene, acetone, and ethanol, we vaporized 50 tL of each reagent (Aldrich) separately and diluted each sample with hydrocarbon-free air. The concentration of isoprene was estimated from the pentane calibration curves; these two hydrocarbons have the same number of carbon atoms, and the FID response to hydrocarbons is thought to be predominantly determined by the carbon content (13). (Fig. 1B) . When a breath sample from the same subject was run on both columns (Fig. 1) Because commonly used columns fail to resolve isoprene from pentane (1, 6) , many authors may have unknowingly reported the combination of isoprene and pentane as pentane.
In the present study, we obtained a clear separation of pentane and isoprene on both Poraplot Qand U columns (Fig. 1) . Because we did not use mass spectroscopy, one might argue that comparison of retention times with those of the calibrators does not guarantee reliable peak identification.
However, the peak elution order and the relative peak amplitudes we observed on the Poraplot U column were identical to those reported by Kohimuller and Kochen (1), using mass spectroscopy. Although these investigators could not resolve pentane from isoprone on a Poraplot Q column, the temperature ramp they used may have been too steep to achieve adequate resolution. We were able to resolve pentane from isoprone on the Q column only when we used a temperature ramp of 0.5#{176}C/min above 95#{176}C. Given that the concentrations of pentane and isoprene were nearly identical for analysis of breath samples from one subject #{149} on the two different columns (Fig. 1) , it is quite likely #{149} that our peak identification was accurate.
Kohimuller and Kochen (1), using total breath samples, reported lower concentrations of pentane (0.13 ± 0.11 nmol/L) and isoprene (1.62 nmol/L) than we observed with the single-breath analysis.
However, the
#{149} #{149}#{149}
subjects in their study were all ages 20-30 years. The
#{149} .
1 ninesubjectsinthatagerangeinourstudyhadmean ± SD pentane of 0.28 ± 0.13 nmol/L and an isoprene of 5.54 ± 2.95 nmol/L. The higher concentrations of hydrocarbons we observed may be due to the sampling of end-expiratory air; Zarhng and Clapper (11) found higher hydrocarbon concentrations in end-expiratory breath than in total breath. Alternatively, the isoprene concentrations that we determined from our pentane calibration curves may have been systematically biased if the concentrations of pentane calibrators were less #{149} than the measured isoprene concentrations. The direct linear relation we observed between age and pentane concentration supports the hypothesis that aging is associated with increased lipid peroxidation.
The aging process may be accompanied by increased production of free radicals and (or) a decrease in antioxidant defense mechanisms.
Our results are in agreement with a prelimmary study in humans that suggested that pentane excretion was altered in older subjects (15). Plasma malondialdehyde, another index of lipid peroxidation, also reportedly increases with age (16). Additionally, pentane production is directly related to age in rats (17), houseffies (18), and honeybees (19). In a study on the biochemical correlates of longevity in the housefly, longer-lived strains The mean concentration of end-expiratory pentane for all 43 subjects included in the study was 0.57 ± 0.3 nmol/L; the mean isoprene concentration was 7.05 ± 3.53 nmoIJL. To determine the influence of age on pentane concentration, we assessed these two variables by linear regression analysis. We found a direct relation between age and pentane concentration (r = 0.57, P <0.000 1), but isoprene concentration did not vary significantly with age (Fig. 2) 
